The renal excretion of sodium and water was studied in 10 hypertensive subjects following an oral sustained 20 ml/kg water load. The study was performed under conditions controlled for sodium content of the diet, time of the day, and posture; the urine was collected by spontaneous voiding. The results were compared with those obtained from 10 normotensive subjects studied under similar conditions.
Circulation, Volume XXXVIII, November 1968 has also been reported following the infusion of glucose and mannitol solutions. [5] [6] [7] [8] The pattern of excretion of sodium in hypertensive subjects following the oral ingestion of various solutions is less well documented.6 [9] [10] [11] It was, therefore, considered desirable to study the effects on sodium excretion of a standard acute oral water load in patients with elevated systemic blood pressure under circumstances controlled for sodium intake, posture, time of day, and without bladder catheterization. This information was also sought because in many of the intravenous salt-loading studies, an oral water load was administered at the same time in order to maintain a high urinary volume.
Our data demonstrate that sodium excretion in patients with systemic hypertension does not increase as urine flow increases following the water load. The hypertensive subjects responded to water administration more rapidly than a group of normotensives previously studied,'2 although their maximal responses were not significantly different.
Methods
Ten hypertensive patients (HT), aged 37 to 66 years (mean, 49 years), were studied (table 1) . All subjects but four (V.A., V.M., D.V., and J.S.) were males. The patients were selected on the basis of a maintained resting diastolic blood pressure of at least 95 UNaV, 147 ,Eq/min, peak UNaV, 890 ictEq/min).
were withheld for at least 2 weeks prior to the study day.
For at least 4 days prior to the study, all hypertensive subjects consumed a diet containing approximately 10 mEq of sodium daily which was supplemented with 160 mEq of sodium given in gelatin capsules. Daily urinary sodium excretion was measured throughout the experimental period, and seven patients were in sodium balance prior to the study. Patients L.D., V.M., and F.N. ingested more sodium than that contained in the experimental diet since their daily urinary sodium excretions exceeded the calculated sodium in the diet, but their weights remained stable or increased slightly.
The standard water test was done as follows: The subjects were instructed to proceed with their normal activities and fluid intake up to the morning of the study. On this day breakfast was withheld. All studies were done during the morning hours with the subjects in the recumbent position (standing only to void). At least two 60-min urine collections were obtained prior to the administration of the water load to all subjects except hypertensives J.L. and V.A. An oral water load of 20 All but one HT subject responded to the water load with urine flow (V) greater than 8 ml/min and all subjects had Uosm below 100 mOsm/kg H20.* A comparison of the pattern *In our laboratory the normal response to water loading under these experimental conditions is a maximal flow of 8 ml/min or greater and a urinary osmolality below 100 mOsm/kg H20. The effect of a 20-ml/kg oral water load on urine flow (V), rate of sodium excretion (UNaV), and creatinine clearance (CR) in 10 normotensive subjects receiving normal (150 mEqiday) salt intake. water loading are due to the fact that two patients (V.M. and F.N.) had progressive natriuresis for the 180 mim before loading and a rapid decrease in sodium excretion immedit ately after the water load. These two patients apparently consumed more sodium than that prescribed. The other HT subjects had minimal and inconsistent changes in UNOV in the 120 to 180 min before water loading.
It is evident that the NT subjects had al pattern of sodium excretion similar to that exhibited by the HT (fig. 2, table 3 ). The small transient increase in mean UNNV immediately following the water ingestion in this group was not statistically significant (P < 0.2).
Although the hypertensives as a group appeared to excrete more sodium at every period than the normotensive subjects, this difference was not of statistical significance.
Mean control serum Na in both groups was similar (HT, 140 ± 5; NT) 141 t 5 mEq/L) and following water loadi: g it decreased slightly, but not significantly in both groups (HT, 137 6; NT, 138+5 mEq/L). As a consequence of a lower CCR in all periods, the mean filtered load of sodium was lower in the HT group.
The fraction of the filtered sodium reabsorbed following oral hydration did not change significantly within each group from the control values. On the other hand, beginning 60 min after the water load the fractional reabsorption of sodium became significantly different between the two groups (table 3) . Figure 3 demonstrates that there is a spectrum in the change in UNAV following oral hydration in both the HT and NT subjects. Two hypertensives (A.Z. and J.S.) had greater responses than the others. Although the severity of their hypertension was not greater, they had the largest increases in diastolic blood pressure of the group during the one or two periods immediately prior to their peak UNaV (A.Z., + 16; J.S., + 12 mm Hg). Changes in UNaV were not related to changes in the blood pressure in the other HT subjects. It The HT subjects clearly responded to water administration faster than the NT subjects, rapidly increasing V and C1120 and concomitantly decreasing UOVm. Similar results have been reported by Taquini and associates.9 However, in our patients the maximal response to water loading was not different from that observed in the normotensive subjects. Other investigators, reporting only the maximal response to oral16 or intravenous water loading,8 observed similar results.
Thus, this lack of enhanced sodium excretion following oral hydration apparently is not related to a lesser response to water administration in the HT patients.
The absence of significant changes in sodium excretion observed in our HT subjects is different from the results obtained by Ek6 and by Hanenson and associates.10 Ek6 reported that two 1,000-ml water loads given orally during consecutive 60-min periods to six patients who were in the sitting position resulted in a moderate increase in sodium excretion. However, closer analysis of his data reveals that UNaV appeared to increase only in three subjects, decrease in one, and change very little in two. Estimation of the glomerular filtration rate (GFR) was not available in this study, and proteinuria was present in four of the subjects.
Hanenson and associates'0 reported that a sustained 1,000-ml oral water load produced a higher excretion of sodium in five patients
Fl Fl n-with essential hypertension (352 uEq/min/ 1.73 M2) than it did in five normotensive subjects (97 ,uEq/min/ 1.73 M2) . However, no control studies were available prior to the water load in either group, and the urines were collected through indwelling bladder catheters, a stimulus known to produce in man a natriuresis that is more prominent in hypertensive patients. 17 Our results are comparable to those obtained by Miles and DeWardener17 who measured chloride excretion (U01,V) in NT and HT subjects after ingestion of I liter of water, with urine being collected by spontaneous voiding. No apparent difference in the rate of chloride excretion was evident between the two groups, and UacV did not increase after water loading in either group. In these studies6 10, 17 no detailed infonnation is provided of the sequential changes in urine flow, electrolyte excretion, CH20 or GFR following administration of water.
Kriick and associates"1 recently reported that the response to a modest oral water-alcohol load was different in 14 hypertensive subjects from that of 12 normotensive subjects. While their NT subjects exhibited progressive natriuresis following water-alcohol administration, their HT patients showed a slight decline in sodium excretion associated with a decrease in the filtered load of sodium. These authors concluded that the initial relatively high mean UNaV (287 ± 166 ,uEq/min) observed in the HT subjects represented a hypernatriuretic response that was already maximal within 1 hr following the initial hydration. Although no basal observation of UNaV was made on their HT subjects, they assumed it was the same as that of 60 normotensive subjects previously studied in their laboratory (106 + 38 ,uEq/min). Furthermore, no information is given on the status of the sodium balance prior to the study. Urinary bladder catheterization was employed in all subjects.
Although the maximal diuretic response to water-alcohol administration in their NT subjects was similar to that of a group of NT subjects previously studied in our laboratory with a similar protocol, our patients did not exhibit progressive natriuresis. A detailed discussion of these studies is reported elsewhere. 12 The failure of a standard oral water load to increase the sodium excretion as urine flow and CH20 increased in our hypertensive subjects may be the result of an ineffective expansion of the extracellular fluid voluime. Martino further oral hydration would result in definite differences in UNaV between the two groups.
Since the serum sodium concentrations of all subjects in both groups were greater than 130 mEq/L and decreases following water ingestion were small, it is apparent that acute or chronic hyponatremia can be eliminated as a cause for enhanced tubular reabsorption and decreased sodium excretion during volume expansion as suggested by some authors.1 '9 20 We conclude, therefore, that sodium excreCirculation, Volume XXXVIII, November 1968 tion does not increase as urine flow increases after a standard oral water load under controlled conditions in hypertensive subjects.
The fractional reabsorption of sodium was less in the hypertensive subjects despite a lower filtered load of sodium. This suggests a difference in the renal tubular handling of sodium between hypertensive and normotensive subjects.
No apparent defect was observed in CH12o formation in this study. Cannon8 
